Q SHUTTLE CRITICAL ITEMS LIST - OREITER
U

BSYSTEM :ACTUATION MECHE-ET/ORB DOOR TMEA NO 02-4D-012600-5 EEV:02/17 /86

ASSEMALY ET/OREITER UMBILICAL DOOR MECHAMISHMS CRIT. FUNC: 1R
BE/N RI tMC237=0041 CRIT. HDW: 2
B/N VENDOR:15690 HCOVER ELECTRIC VEHICLE 102 103 104
QUANTITY :4 (2 LH2 & 2 LO2) EFFECTIVITY: X X- X

i{2 PER ACTUATOR) PHASE(S) ¢ FL LO X 00 Bo ¥ L5

REDUNDANCY SUREEN:  A-FAIL - B~FAIL C-PASS

FREPARFD BY: APFROVED BY: APPROVED BY (NASA):
DES R. H. ¥EE DES: d. =7 , ; AN,
QE W. 3. SMITH QB —°
: "EEEIEE%%?@
TTEM:

TORQUE LIMITEER, DOOR "UPLOCE™ LATCH ACTUATOR

FURCTICON ;
TO FROTECT TEE ACTUATUR MOTORS/SEARS AND IATCH LINKAGES BY ALLOWING
PRERETERMINED SLIFPFAGE DURING A STALL OR JAM CONDITION.

FATILIORE MGDE:
TORQUE LIMITER FAILE TO SLrp AT MAXIMUM ALLOWABRLE TORQUE

SE{S]:

tD?EEEE TOLERANCES/WEAR, CHANGE IN MATERIAL PROPERTIES, CONTAMINATION,
FOREIGN CRJECT/DEBRIS, DEFECTIVE PART/MATERIAL OR MANUFACTURING DEFECT,
TEMPERATURE .

EFFECT{S) ON: .
(A) SUBSYSTEM (B)INTERFACES (C)MISSICH {D) CREW/VERICLE

(A) WITH JAMMING CONDITION, POSSIBLE BROKEN MECHAMYSM. LOSS OF FUNCTION
LATCHES CANNOT FULLY ENCAGE (CONTAMTMATION) .

{B) THERMAL GRADIENTS INTO COMPARTMENT.

(C,D} POSSIBLE LUSS OF CREW/VEHICLE DUE TO DAMAGE CAUSED BY THERMAL
EFFECTS IF THE DOCORS CANNOT BE CLOSED AND PULLY LATCHED FOR SAFE RE-
ENTRY .

FAILS REDUNDANCY SCREEN "A™ SINCE THERE ARE NO TURNAROUND TESTS TQ VZRIFY
TEIS TYPE QF FAILURE (AT THE MAXIMUM SETTING) OF A TORQUE LIMITER (THAT
I5 PART OF A DUAL MOTOR/DIFPFERENTIAL CDRIVE TRAIN} AND FATI= SCREEN "RN
STNCE THERE IS NO WAY OF DETECTING A FAILURE OF THE TORQUE LIMITER WHILE
IN FLIGHT.



SHUTTLE CRITICAL ITEMS LIET - QRBITER

SUBSYSTEM :ACTUATION MECH-ET/CRE DOCR FMEA NO 02-4D-0l3600-5 REV!02/17/88

DISPOSITION & RATIONALE.

(A)DESIGN (B)TEST (C)INSPECTION (D)FAILURE HISTORY (E)OPERATIONAL USE

(A) DESIGN

EACH ORBITER/ET UMBILICAL DOQOR IS PULLED TO A& FULLY CLOSED AND LATCHED
PCSITION BY THREE (1) FOUR-BAR/OVER-CENTER UPLOCK TATCHES DRIVEN BY AN
ELECTROUMECHANICAL ACTUATOR THROUGH A TORQUE TURE, RBELLCRANES, AND
CONNECTING RODS. EACH LATCH DRIVE BRCTUATOR CONSISTS QF A FLANETARY
GEARBOQE/DIFFERENTIAL DRIVEN RY TWO (REDONDANT) 3I-FEASE ELECTRIC MOTCES;
EACH MOTOR HAS AN INTEGRAL SPRING~LOADED FRICTION CLUTCH/BRAKE AND AN
INTEGRAL SPRIMNG-LOADED DUAL-DISC PLATE FRICTICOH TCRQUE LIMITER; WITH
LIMIT SWITCHES AND MECHANICAL STCPS TQ COMNTROL/LIMIT ACTUATOR MOVEMENT/
ROTATICN. THE ACTUATOR HOUSING IS5 DESIGNED TO PRECLUDE THE ENTREY OF
FORELGN FPARTICLES. FARTS ARE CLEANED TD LEVEL 300, PER MAO110-301 (FPRICE
TO ASSEMELY) : ASSEMBLED IN A CLASS 100,000 CLEAN ROQOM (PER FED=STD=20%) .
CUAL ROTATING SURFACES ON BEARINGS. SAFETY FACTOR 1.4 MINIMOM.

FROVISICN EXISTS To QYCLE THE ACTUATOR (T¢ LOOSEN STALLED/JAMMED
MECHANISM) ., BRAKES MUST BE ELECTRICALLY ENERGIZED TO DISENGAGE AND ARE
CESTIGNED TO FATIL IN THE ENGAGED POSITION. DIFFERENTIAL IS DESIGHNED TO
DISTRIBUTE POWER FROM EITHER ONE OR BOTH (REDUNDANT MCOTORS). EACH TORQUEZ
LIMITER IS5 DRESIGNED TC FROTECT ITE MOTOR AND DRIVE TRAIN FROM AN OVERLOAD
FAILORE. HMOTORS DESIGNED TO OPFERATE IN EMERGENCY 2=-PHASE CONDITION.

(B} TEST

QUALITICATION TESTS: QUAL-CERTIFIED PER CE-45-287-0041-0001.
QUALIFICATION TESTS INCLUDED: HUMIDITY TEST, SHOCK TEST, QUALIFICATION
ACCEPTANCE WIBRATION TESTS (QAVT), THERMAL VACUUM TEST, THERMAL CYCLING
TEST, OPERATING LIFE TEST (2,000 CYCLES, 100-MISSION, 16-YEAR LIFE:
FXPECT 500 CYCLES PER 100 MISSIONS), MECHANICAL STOP TEST, BOWER
CONSUMPTICN TEST, FREEPLAY TEST, AND IRREVERSIBILTTY TEST.

ACCEPTANCE TESTS: INCLUDES EXAMINATION OF PRODUCT (FOR WEIGHT,
DIMEKRSIONS, CONSTRUCTION, CLEANLINESS AND PINISE), ACCEPTANCE VIBRATTON
TESTS (AVT) {20-2,000 EZ, 30 SEC TQ 5 WINUTES, IN EACH OF THREE ORTHOGONAL
AXES, WITH ELECTRICAL CIRCUITS MONITORED FOR CONTINUITY), ACCEPTANCE
TEERMAL TESTS {ATT) {CYCLED BETWEEN =80 DEG F AND +330 DEC F: MOTOR 1,
MOTOR 2 AND DUAL MOTOR), PUWER CONSUMPTION TEST {OPERATED AT MAXTMUM LOAD
AT ~50 DEG F, SINGLE MOTGR DEPLOYED WITHIN 12 SEC, DUAL MOTORS DEFLUYED
WITHIN 6 SEC, 210 WATTS/MOTOR MAX, (.83 AMPS/MOTOR MAX; 616 WATTS/MOTOR
MAX STARTING POWER AND 3.5 AMPS/PHASE/MOTOR MAX STARTING CURRENT),
INSULATION RESISTANCE TEST AND DIELECTRIC STRENGTE TEST (FER MF0004-002),
CYCLING TEST {QPERATED AT RATED LOAD; SINGLE MOTOR, 20 CYCLES EACH FROM
CW=CCW=-CW ROTATTON AT 12 SEC/DIRECTION: DUAL MOTOR, 60 CYCLES FROM CW-
CCW-CW ROTATICON AT 6 SEC/DIRECTION), FREEPLAY TEST (MAX ANGULAR FREEPLAY
AT QUTPUT $HAFT +/-0.25 DEGREES ROTATION, WITH 10 INCH-LE OF REVERSING
TORQUE), STALL/MAXIMUM TORQUE TEST (MAX ACTUATOR QUTFUT 6,000 INCH-LS),
IRREVERSIBILITY TEST {ACTUATCR MUST BE IRREVERSIELE TC THE STATIC LIMIT
LOAD OF 950 INCH-LB, IN EITHER DIRECTION}, MECHANICAL LIMITS TEST AND
ELECTRICAL LIMITS TEST (ACTUATOR CYCLED THROUGH ITS FULL TRAVEL TG VERIFY
COMPLIANCE WITH MECHANICAL AND ELECTRICAL LIMTTS).

OMRSD: NONE.
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(C) INSPECTION

RECEIVING INSFECTION

CERTIFICATION OF COMPLIANCE, TESYT COUPCOMNS, PHYSICAL AND EHEHIEAL RECORDS
ARE VERIFIED BY INSPECTICON. RECEIVING INSPECTIGH PERFORME VISUAL AND
CIMENSIONAL EXAMINATION GF ALT INCOMING FARTS. GEARS ARE HARDNESS
CEECXED AND VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

A CLASS 100,00C¢ CLEAN ROOM FACILITY 15 USED FOR ASSEMBLY. ALL METAL
PARTS ARE VERIFIED DY INSFECTICN TO BE CLEANED AND FROFERLY FACKAGED.
FINAL INSPECTION INCLUDES CHECKS FOR CONTAMINATION USIHG BORESCOFES, S5X
AUD lo¥ MACNIFICATION DEVICES, AND MEMERANE FILTRATICN METHOLDS.

ASSEMBLY/ INSTALLATION
INSEECTION VERTIFIES AND RECORDS DIMENSIGCNS OF ELL.DETRIL PARTS.

RORDESTRUCTIVE EVALUATION
HIGH STRESS FARTS, I.E., CUTPUT SHAPT, SEARS ETC., ARE MAGNETIC OR
FLUORESCENT PENETRANT INSPECTED.

CRITICAL PROCESSES _ -
HEAT TEREATIHG IS VERIFIED BY INSPECTION. INSPFECTION VERIFIES THAT i
GEARBOXES ARE PROPERLY LUBRICATED. .

TESTING
ACCEPTANGCE TESTING IS VERIFIED BY INSFECTION.

HANDLING/PACFACTNG
AlT, METRL PARTS ARE VERIFIED BY INSPECTICHN TC BE PROFERLY PACRAGED.

(D) FAITURE HISTORY :
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD R FLIGHT
FAILURES ASSOCIATED WITH TEIS FAILTURE MODE.

(E) OPERATIONAL USE
NONE.




